Introduction
The primary aim of motor treatment of Cerebral Palsy (CP) is to control and correct spasticity, abnormal movement patterns and lever arm dysfunction, since these problems directly affect the activities of daily living, ability to walk and developmental milestones.
Disabilities in CP

Primary disabilities
Primary disabilities are due to the direct effect from the brain lesion, and includes spasticity, delayed milestones, sensory problems, cognitive impairment, imbalance, lack of muscle strength, abnormal movements, etc. The injury to the Central Nervous System affects critical inputs to the reticulospinal and corticospinal tract, which in turn affects the motor units and results in abnormal control and weakness. Loss of descending inhibitory input through the reticulospinal tract and other system increases the excitability of gama and alpha neurons, producing spasticity.
Secondary disabilities
Secondary disabilities are due to the after effects of primary disabilities. These include contractures, lever arm dysfunctions and scoliosis. The contractures are the after effects of spasticity. Common contractures in CP are hip flexion (psoas), knee flexion (hamstring) and equinus ankle (gastrocnemius) in the lower extremities, and elbow flexion (biceps and pronator) and wrist flexion (forearm flexors) contractures in the upper extremities. The concept of lever arm dysfunction was proposed by Dr. James Gage. Lever is a rigid structure that transmits and modifies force or motion when forces are applied at one point and is able to rotate about another. In the human body, joints function as levers to transmit forces. Lever arm (also known as a moment arm) is the perpendicular distance from the line of application of a force to the axis of joint rotation. Lever arm dysfunction is the disruption in the moment generation of a muscle joint complex because of an ineffective lever or moment arm despite normal muscle force. The types of lever arm dysfunction are: Short lever-arm (coxa valga), Flexible lever-arm (pes valgus), Malrotated lever-arm (external tibial torsion), An abnormal pivot or action point (hip subluxation or dislocation), and/or Positional lever-arm dysfunction (crouch gait).
Positional lever-arm dysfunction (crouch gait). The result of lever arm dysfunction is functional weakness and decreased power generation, due to abnormal direction of pull of muscles (Gage JR, Novacheck TF, 2001 ; Novacheck TF, Gage JR, 2007) Children with CP are unable to perform sufficient movement to adequately stretch their muscles, particularly when those muscles are spastic. The stretch is the stimulus that facilitates muscular growth. The growing bones often become plastically deformed or twisted because of the uneven/abnormal muscle forces present during growth in a child with CP and the spastic muscles cause joint displacement by pulling on the bones. This leads to lever arm dysfunction in the femur as increased femoral anteversion, in the tibia as external tibial torsion and in the heel as valgus deformity. Another important lever arm dysfunction is hip joint dislocation or subluxation.
Tertiary disabilities
Tertiary disabilities are coping responses to primary or secondary disabilities and must be carefully identified and left alone. An example is circumduction of hip in co-spasticity of rectus femoris and hamstring.
Progression of gait abnormalities in CP
The gait in an ambulant child with CP is characterised by crouched position (flexion of the hip and knees), intoeing (internal rotation of femur), and walking on the toes (equinus foot placement). This gait is extremely inefficient and result in increased energy expenditure due to the presence of simultaneous contraction of agonist and antagonist muscles. If the child continues walking in the presence of contractures and lever arm dysfunction the inevitable result is over lengthening of tendons (e.g., calcaneus deformity due to over lengthened tendoachilles) and joint decompensation, after which further ambulation becomes increasingly difficult. [Gracies JM, et. al, 1997; Hattab JR, 1980 g. Conventional Orthopaedic Surgery. Orthopaedic surgery has been used to restore normal alignment, correcting contractures and deformities, and achieving stability by arthrodesis. Earlier it was believed that adductor spasticity was the predominant risk factor for hip dislocation, which frequently required surgical intervention [Spiegel DA, et. al., 2004] . It is now evident, after the advent of computerised gait analysis that what was called "scissoring" gait in the past is actually due to spasticity of medial hamstrings and increased femoral anteversion, in most instances [Scrutton D, et. al., 2001] . Adductor tenotomy and obturator neurectomy (a commonly performed operation) in this situation will convert an assisted ambulator into a non-ambulator, because of denervation of adductor brevis (an important hip flexor and antigravity muscle), besides producing an abduction deformity of hips. Matsuo T, et. al.
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[1986] compared a group of nineteen patients who had concomitant adductor tenotomy and anterior branch obturator neurectomy with a group of twenty-three patients who had only myotomy of the adductor longus and gracilis muscles. The nineteen patients in the neurectomy group had an unacceptable broad-based gait with hyperabduction of the hips. Iliopsoas lengthening or tenotomy at its insertion at lesser trochanter of femur is frequently done for a fixed flexion deformity of the hip. However, it is now known that this causes loss of power in hip flexion, and hence selective release of the psoas muscle at the pelvic brim has been recommended. [Matsuo T, et. al., 1987] The gluteus medius is a major internal rotator of the hip, and when it is spastic it can cause the objectionable in-toed gait in spastic diplegia. Steel's procedure of transfer of the insertion of the gluteus medius and minimus to the anterolateral aspect of the proximal part of the femur was effective in a few patients. But the patients in whom the procedure failed had a severe Trendelenburg limp postoperatively [Steel HH, 1980] . The correction of contractures of one joint without concomitant correction of spasticity of another joint may result in irreparable over lengthening of tendons. The commonest clinical scenario is that of a child with spastic diplegia who walks on the toes. The immediate response of many surgeons is to perform Z lengthening of the tendoachilles, a simple procedure that takes only a few minutes to perform, but the functional effects to the child may be devastating and permanent. Most children with spastic diplegia have hip and knee flexion contractures, and tiptoe in order to shift the center of gravity close to the body. It is extremely rare to encounter a true tendoachilles contracture in diplegics, and inappropriate lengthening of tendoachilles in the presence of hip and knee contractures inevitably leads to an unstable calcaneus deformity, which cannot be braced nor salvaged surgically. Besides, the crouch at the knee persists. The problems with Conventional Orthopaedic Surgery are: 1) Lengthening of monoarticular muscles or tendons (adductor brevis, iliopsoas, tendoachilles) leading to loss of antigravity action and severe weakness, 2) Over lengthening of tendons is common, 3) Muscle transfers (e.g., Eggers) often lead to reverse deformity, e.g., genu recurvatum, 4) It does not help the severely involved: quadriplegics, athetoid, dystonia, 5) Joint fusion (Grice fusion) leads to degeneration of surrounding joints, 6) Lever arm dysfunction is rarely corrected simultaneously or early enough leading to recurrence of contractures and 7) It cannot control spasticity, produce reciprocal movements to facilitate antigravity muscles, and improve functional skills and voluntary movement of the hand.
Studies have shown that the GMFCS remains unchanged or "stable" in the vast majority of children with currently available treatment modalities, including single-event multilevel surgery in bilateral spastic CP [Rutz E, et. al., 2012] . Conventional treatment for CP fails to simultaneously and effectively address spasticity, abnormal movement patterns and lever arm dysfunction, leading to a need for better rehabilitation strategies to address the functional problems in a person with CP. SEMLARASS has the following components:
SEMLARASS -A new management approach for CP
1. Single Event: All surgeries are completed under a single anaesthetic, requiring only one hospital admission and one period of rehabilitation,
Multilevel:
All the affected regions and all orthopaedic deformities (soft tissue and bony) are corrected simultaneously in view of interdependence of joints,
Lever Arm Restoration:
Simultaneous correction of lever arm dysfunctions to improve the direction of pull of muscles and to facilitate muscle strengthening postoperatively, 4. Anti Spasticity: using Orthopaedic Selective Spasticity Control Surgery (OSSCS), developed by Dr. Takashi Matsuo (Tokyo, Japan) based on the concept that multiarticular muscles, which have less antigravity activity, are hyperactive in CP. Therefore, spasticity and athetotic movements can be controlled by releasing them selectively. The monoarticular muscles, which have antigravity activity and are responsible for maintaining an upright posture, are carefully preserved [Matsuo T, 2002] . e. Simultaneous lever arm restoration is essential for spasticity and contracture correction as well as to reduce chances of recurrence of deformities and repeat surgery at a later stage, and to improve the direction of pull of muscles and facilitating strengthening, f. Tendon lengthening or transfers are avoided to reduce weakness or overcorrection, and g. The surgery is followed by a time bound, structured and intensive physician directed rehabilitation protocol developed by Dr. Sharan.
SEMLARASS has been successfully carried out in over 1000 children from across the world. Several children have completed a follow up of 12 years and no child has had to reoperated due to recurrence of contracture or deformity.
Recommended age for SEMLARASS
The best functional outcomes are achieved between the age group of 4 to 6 years. The child develops a mature gait pattern by the age of 4 years and is better able to cooperate with an intensive post-operative physiotherapy programme. Once this window of opportunity is lost (usually due to reluctance of physiotherapists or physicians to let go or the insistence of the family in exploring non-operative options at any cost) and complex decompensated joint pathology has developed, the results of operation are less gratifying, though functional improvements still occur in older children and adults. Unstable lever arm disease must be operated irrespective of age if there is to be any hope of preserving ambulation.
Advantages of SEMLARASS i.
There is no loss of antigravity activity and weakness of the muscles because monoarticular muscles are preserved,
ii.
There is no loss of sensation or sense of stereognosis,
iii.
There is no increase in the occurrence of dislocations,
iv.
There is little risk of recurrence of contractures and deformities with continued growth,
v.
Only one hospital admission and post operative rehabilitation period,
vi.
Even non ambulatory cases improve functionally and achieve a better quality of life, and vii.
More cost effective compared to other treatment options (Sharan D, 2005 ).
Functional results of SEMLARASS
The study included 314 children with CP with mean age 9.7±4.8 years. The types of CP were spastic diplegia (58%), spastic quadriplegia (35%) and spastic/athetoid/dystonic quadriplegia (7%). The results showed a significant improvement after a 1 year post-surgical rehabilitation. Correlation studies showed median value of Functional Mobility Scale (FMS) of 3 before surgery and 5 after surgery. Before surgery the median value of Gross Motor Functional Classification System (GMFCS) was level 4 and after surgery it was level 2. The GMFCS improved 2 levels on average. Before surgery the mean value of Pediatric QOL (PQOL) was 39.64±17.49; after surgery the mean value was 23.11 ±14.02. Before surgery median value of Manual Ability Classification System (MACS) was 3 and after surgery it was 1. Children with severe CP (GMFCS IV and V) showed more positive correlation than mild to moderate cases.
No child was wheel chair bound at the end of the rehabilitation and all the children were able to walk at least with help of a walking aid. A significant improvement was noted in their participation levels, motivation and a significant improvement in the over all quality of life. Over 50 patients have been followed up beyond 10 years and there have been no recurrences (Sharan D, 2012).
Outcome of SEMLARASS in severe cerebral palsy (GMFCS IV AND V)
Gross Motor Function Classification System (GMFCS) is a 5 level classification system with clinically meaningful distinctions in motor function between levels and its emphasis on selfinitiated movement with particular emphasis on sitting (trunk control) and walking. Persons with CP at GMFCS levels IV and V are non-ambulatory and at a greater risk of complications like hip subluxation/dislocation, Osteopenia/Osteoporosis and Low Energy Fractures. Prevention of these complications requires that these persons are made ambulant with or without support. However, the recommended rehabilitation strategy at present for these groups is wheel chair aided mobility leading to a "Catch 22" situation. The purpose of the study was to find out the functional outcome of SEMLARASS and rehabilitation in persons with cerebral palsy (GMFCS levels IV and V). In this study 170 children with GMFCS V&IV were participated. Mean age of the participants was 9. 
Complications of SEMLARASS
A study was done to quantify the complications encountered during rehabilitation following SEMLARASS in 463 consecutive patients. 
Surgical Techniques used in SEMLARASS
SEMLARASS differs from conventional orthopaedic surgery in the following ways:
a. Technique of surgery: conventional orthopaedic surgery relies on tendon lengthening, aponeurotic releases and tendon transfers, while SEMLARASS employs the techniques of selective spasticity control surgery, e.g., intramuscular myofascial lengthening and controlled sliding tendon lengthening. Tendon transfers are avoided in SEMLARASS.
b. Selective release of multiarticular muscles:
In conventional orthopaedic surgery, a 5 year old child with spastic diplegia who walks on the toes, intoed, crouched at hips and knees, with equinovalgus would be treated by adductor tenotomy (and possibly obturator neurectomy), iliopsoas lengthening, distal hamstring lengthening or advancement (Eggers procedure), tendoachilles lengthening and Grice fusion of subtalar joint. In SEMLARASS, the procedures would be OSSCS of psoas, gracilis, medial hamstrings, gastrocnemius, femoral rotational osteotomy and medial displacement sliding calcaneal osteotomy. Hence, in conventional orthopaedic surgery several monoarticular muscles are released while in SEMLARASS only multiarticular muscles are selectively released.
c. Simultaneous release of flexor and extensor muscle groups in each joint: in SEMLAR-ASS (except at wrists, hands and feet), while in conventional orthopaedic surgery only the flexor or the extensor muscle group is usually released.
d. Timing of surgery: conventional orthopaedic surgery is recommended in adolescence to avoid the risk of postoperative recurrence of contractures and deformities. Since SEM-LARASS corrects lever arm dysfunction at a much younger age the risk of recurrence is minimal.
e. Simultaneous lever arm restoration: in conventional orthopaedic surgery, lever arm restoration is left till adolescence and is often not combined with soft tissue surgery. It is frequently not addressed at all. Unlike SEMLARASS, joint fusions are often used and internal fixation (plates and screws) is used to stabilise osteotomies that requires a second operation to remove the implants.
Assessment in SEMLARASS
In SEMLARASS the assessment is a "bridge" between the patient, surgery, rehabilitation and prognosis. This bridge carries the patient from one phase of the treatment to the next phase. Assessments in SEMLARASS are mainly divided into: 1) Pre-operative assessment, 2) Postoperative assessment during rehabilitation and 3) Functional outcome measurement.
Pre-operative assessment
Pre operative assessment starts from first consultation with the Paediatric Orthopaedic Surgeon followed by other assessments by paediatric neurologist/developmental paediatrician, physical and occupational therapists, child psychologist, speech therapist and medical social worker.
The main objectives of the pre operative assessment are:
1.
To make an accurate diagnosis, whether CP or other progressive neuromuscular disorder 2. To classify the type of CP and level of impairment
Screening any associated risk factors in the patient
4.
To determine whether SEMLARASS is indicated 5. If SEMLARASS indicated, then to decide the nature of surgical procedures 6. For predicting the expected functional outcome
The following methods are used at RECOUP for pre-operative assessment: 
. Musculoskeletal assessment and surgical prescription
The primary objective of the musculoskeletal assessment is to assess the musculoskeletal problems in the extremities and prescribe the appropriate surgical procedures. The assessment includes measurement of spasticity along with associated fixed deformities and lever arm dysfunctions.
Assessment Surgical Prescription
Staheli This periodic assessment is usually performed by the Paediatric Orthopaedics Surgeon, who makes immediate changes in the treatment protocol in discussion with the rehabilitation team during the rehabilitation to ensure the optimal functional outcome.
Functional outcome measurement
The functional outcome measurement are performed one day before the surgery, 3 rd postoperative month, 6 th month, 1 year and after 2 years. The objectives of this assessment is: 1) to find out the overall outcome of SEMLARASS, 2) to compare the effect of SEMLARASS in different types of CP (e.g., based on GMFCS and MACS), 3) to document the results and publish research studies related to SEMLARASS.
At RECOUP, the following outcome measures are commonly used: 
Gross Motor Functional
Post-SEMLARASS rehabilitation
A successful functional outcome after SEMLARASS requires intensive rehabilitation for atleast 2 years after the operation. Children and their parents need to be well prepared before the operation, as well as strongly motivated after the operation in order to endure the prolonged rehabilitation process. A Paediatric Physiotherapist is designated as the programme coordinator.
The entire Post-SEMLARASS Rehabilitation is divided into four phases: 
FES -Functional Electrical Stimulation
PRE -Progressive Resistive Exercises
MET -Muscle Energy Techniques
PNF -Proprioceptive Neuromuscular Facilitation
EMG -Electromyograph
MACS -Manual Ability Classification System
GMFCS -Gross Motor Function Classification System
GMFM -Gross Motor Function Measure
PedsQL -Paediatric Quality of Life Inventory 
PODCI -Paediatric Outcome Disability Classification Index
PRS -Physician Rating Scale
FMS -Functional Mobility Scale
Prognosis following SEMLARASS
The DEEPAK SHARAN'S Prognostic Score for CP is currently undergoing validation studies. The following factors have been found to determine the final functional results following SEMLARASS:
• Dysfunction of lever arm in the lower extremities Treatment SEMLARASS, with OSSCS Psoas, proximal and distal Semimembranosus, Semitendinosus, Gastrocnemius, along with bilateral femoral external rotation osteotomies followed by 6 months of post operative rehabilitation.
Current functional status
At a follow up of 6 years, he was walking and performing all the activities of daily living independently. Now he carries his bag to school by himself, climbs stairs and also participates in running, football and cycling. The current GMFCS level was 1.
"Our son, born with Spastic Diplegia, till the age of five could only walk on toes with constant support and now after the surgery and aggressive rehabilitation at RECOUP started walking independently with lot of confidence and enthusiasm." Parents of H Figure 1 . Before and after SEMLARASS
Case study 2
Preop status S, a 10 year boy, was a known case of spastic diplegia. He was an independent ambulator with severe crouching at knee, intoeing and toe walking, with frequent falls. The GMFCS level was 2.
Treatment SEMLARASS, with OSSCS Psoas, distal Semimembranosus, Semitendinosus, Gastrocnemius, along with bilateral femoral external rotation osteotomies followed by 3 months of post operative rehabilitation.
Current functional status
At a follow up of 5 years, he was walking independently with a near normal gait and doing all the activities of daily living himself. Now he can sprint and play sports at a competitive level. The current GMFCS level was 1.
"My child made quick improvements following SEMLARASS. Now, he walks and runs independently. When he first attained physical stability after the surgery he would just run around nonstop to express his joy. He now calls himself Mohan Lal (after the famous Malayalam Cine Star) since he believes he is now a different person altogether. We are thankful to the RECOUP team for giving our child a life which we once thought impossible."Parents of S Figure 2 . Before and after SEMLARASS
Case study 3
Preop status
A, was a 12 year old girl and could barely take a few steps with extremely crouched knee with the support of an adult (GMFCS level 4). She was studying in a normal school but had to be carried by her parents to and back from the school, and could not participate in any outdoor activities.
Treatment SEMLARASS, with OSSCS Psoas, proximal and distal Semimembranosus, Semitendinosus, Biceps Femoris, Gastrocnemius, along with bilateral femoral external rotation osteotomies, tibial internal rotation osteotomies and medial displacement calcaneal osteotomies, followed by 8 months of post operative rehabilitation.
Current functional status
At 5 year follow up, she was walking independently, doing all the activities of daily living herself, travelling to school by school bus without any assistance. The current GMFCS level was 2.
"I was 100 percent confident that, I would be able to walk independently. Finally I reached that goal. This is a rare and unexpected experience in life. Now I am enjoying my life with my friends and no barrier in front me."A 
Case study 4
Preop status
A, was a 19 year old girl with spastic athetoid hemiplegia (GMFCS level 2) with severe and disfiguring upper limb deformities, including swan neck deformities of all fingers. She had undergone failed tendon transfers in the forearm and wrist earlier.
Treatment
OSSCS right forearm flexors and pronators and hand intrinsics, distal semimembranosus, gastrocnemius, tibialis posterior and external rotation tibial osteotomy, followed by 3 months of post operative rehabilitation.
Current functional status
At a follow up of 8 years she had a cosmetically acceptable and functional upper extremity and was an independent community ambulator (GMFCS level 1).
Case study 5
Preop status
A, an 11 year old boy was diagnosed to have cerebral palsy (spastic quadriplegia, GMFCS level 5), was always carried by his father. He had not attained sitting balance and had severe spasticity and contractures in all 4 extremities.
Treatment
SEMLARASS, with OSSCS Psoas, Gracilis, proximal and distal Semimembranosus, Semitendinosus, Biceps Femoris, Gastrocnemius, along with bilateral femoral external rotation osteotomies, tibial internal rotation osteotomies and medial displacement calcaneal osteotomies, followed by 4 months of post operative rehabilitation.
Current functional status
At a follow up of 6 years, he was walking in the community with help of elbow crutches and a few steps independently and doing all the activities of daily living herself. Now he was studying in normal school and walked to school himself. The current GMFCS level was 2.
studying in normal school and walked to school himself. The current GMFCS lev 
Case study 6
Preop status B, an 18 year old male and a known case of spastic quadriplegia was a non ambulator, an assisted sitter with severe spasticity in all 4 extremities (GMFCS level 5). He needed two caregivers to help him transfer.
Treatment SEMLARASS, with OSSCS Psoas, Gracilis, proximal and distal Semimembranosus, Semitendinosus, Biceps Femoris, Gastrocnemius, along with bilateral femoral external rotation osteotomies, tibial internal rotation osteotomies and medial displacement calcaneal osteotomies, followed by 8 months of post operative rehabilitation.
Current functional status
At a follow up of 5 years, he was walking with help of single stick or one hand support and doing all the activities of daily living himself. He could stand independently for short durations and was now studying in a special school. The current GMFCS level was 3. "I am extremely thankful to the staff of RECOUP for their immense efforts to help me achieve a good quality life. Now I have the ability to operate a computer and I am studying computers in my school. My future plan is to advertise the experiences and miracles in my life for helping other children with disabilities"B. 
Treatment
He underwent SEMLARASS, with OSSCS Psoas, distal Semimembranosus, Semitendinosus, Gastrocnemius, along with bilateral femoral external rotation osteotomies. He also underwent OSSCS of proximal biceps femoris, triceps, distal teres major, latissimus dorsi, forearm flexors, pronators, hand intrinsics and adductor pollicis, followed by 9 months of rehabilitation.
Current functional status
At a follow up of 5 years, he could walk inside the house independently and used a single stick for walking in the community. He had good hand function on both sides and was independently going to school. The current GMFCS level was 2. 
Preop status
S, a 10 year old girl, and a known case of spastic athetoid quadriplegia, did not have head control and was unable to sit or lie down in bed due to the severe spasticity and abnormal movements. The GMFCS level was 5.
Treatment
She underwent SEMLARASS, with OSSCS Psoas, distal Semimembranosus, Semitendinosus, Gastrocnemius, along with bilateral femoral external rotation osteotomies. She also underwent OSSCS of proximal biceps femoris, triceps, distal teres major, latissimus dorsi, forearm flexors, pronators, hand intrinsics and adductor pollicis in the second stage, followed by 9 months of rehabilitation.
Current functional status
At a follow up of 5 years, she was walking with rollator and sitting without support. She had achieved complete head control and good hand function. Also the abnormal movements were greatly reduced. The current GMFCS level was 3. 
Conclusion
SEMLARASS is the first and only treatment modality for CP to systematically, simultaneously and effectively address all the major problems restricting the child's functional activities, i.e., spasticity or movement dysfunction and lever arm dysfunction. Currently, a well-planned and executed SEMLARASS, in the context of a multi-disciplinary team, provides the child with CP with the best hope for a dramatic, predictable and lasting functional improvement (e.g., improved GMFCS level). This is especially true of spastic quadriplegia, dystonia and athetosis that account for over two-thirds of cases of CP, where available treatment options are extremely limited.
